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ARTICLE INFO ABSTRACT 


Keywords: The success of the production of dragon fruit seedlings propagated vegetatively depends on several factors, such 
Trigoniulus corallinus as the appropriate choice of the substrate for rooting. It has been verified that the millicompost has contributed 
millicomposting 


to the production of seedlings of some species, however, there are no reports for the dragon fruit. Thus, the 
objective was to evaluate the efficiency of the millicompost generated by the activity of the diplopods Trigoniulus 
corallinus in the cuttings of the red dragon fruit. The substrates used were: $1) millicompost, S2) sand + bovine 
manure and S3) Biomix®. Characterizations of the physical-chemical, chemical, and physical properties of the 
substrates were carried out. The phytotechnical parameters evaluated in the cuttings of dragon fruit were: 
number of shoots, length of the largest shoot, fresh and dry masses of the shoot and roots. The millicompost had 
physicochemical, chemical, and physical properties, promoting greater development of dragon fruit, whose 
levels of nutrients and physical characteristics, in addition to being superior to the other substrates, were able to 
provide seedlings of higher quality and size compared to seedlings from the other two substrates tested. The 
millicompost represents an alternative as an organic substrate in the vegetative propagation of the dragon fruit 
tree by providing increments of the vegetative characters and biomass production, confirmed by the greater 
inputs of nutrients accumulated in its plant tissue. 


Organic waste 
Organic substrate 
Cutting 

Dragon fruit tree 


1. Introduction 


The dragon fruit tree (Selenicereus spp) is a promising fruit because its 
fruits have nutraceutical properties, besides it is a species of easy 
handling and adapted to the conditions of low water availability during 
its cycle, arousing the commercial interest of its seedlings and fruits. 
This fruit has its origins in the Americas, occurring even in Brazilian 
territory. It has a succulent, photosynthetically active stem, known as 
cladodium, fasciculated roots, epiphytic habit, large bell-shaped 
flowers, large fleshy fruits, with numerous seeds. For its cultivation it 
needs to be tutored with supports of 1.5-2 m, it responds well to 
fertilization and irrigation. It needs artificial shading and can reach fruit 
production of 15-30 tons per hectare year}. It has great potential to be 
used as an ornamental, in addition to being a source of high demand 
composts in national and international markets (Donadio, 2009), 
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(Mizrahi, 2014), (Nunes et al., 2014) and (Moreira et al., 2020). 
Although the harvest occurs when the fruits are fully ripe, there is no 
consensus on the classification of their behavior as climacteric or not 
(Nunes et al., 2014). 

The propagation of the dragon fruit tree is usually done through 
cutting, because the use of seeds presents many disadvantages for 
commercial production, since plants originating from seeds have a long 
youthful period (Gongalves et al., 2020) and, still, to constitute geno- 
types with an inferior quality of the parent plant. 

Dragon fruit tree propagated by cuttings starts flowering in the first 
or second year of cultivation. Thus, in addition to the fastest production, 
a plantation formed by the use of cuttings has greater uniformity, a 
characteristic very desired for this crop (Almeida et al., 2016). Asexual 
propagation requires studies on which practices, management, and in- 
puts can induce the greatest initial growth of roots and sprouts. Among 
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the determining factors, the substrate of recognized quality is essential 
to provide the cuttings with vigorous and uniform growth so that later 
there is the transplantation of vigorous seedlings to the field of 
cultivation. 

There are numerous commercial substrates on the market, but, un- 
fortunately, many do not have proven quality. Bearing in mind that a 
limiting factor for seedling production is the acquisition of quality 
substrates at costs that make the business feasible, it is important to 
constantly develop technologies that enable the development of sub- 
strates from low-cost materials and easy acquisition (Bugni et al., 2019), 
in addition to contributing to cost reduction and ensuring obtaining 
seedlings with an adequate standard. However, the composition of the 
substrate is one of the factors of the greatest influence on the rooting of 
cuttings. This should provide moisture, make macros and micronutrients 
available; in addition to enabling the necessary: aerated, dark environ- 
ment, and promoting plant sustainability. 

The physical, physical-chemical, chemical, and biological properties 
of the substrates reflect their quality and the success of their use. For this 
reason, characterizing its properties becomes essential and helps to 
better understand the plant development of the species. 

Among the sustainable practices in the production of seedlings, 
organic composts, in general, have biological properties suitable for 
their use as substrates for seedlings, as they are capable of providing the 
nutrients necessary for the growth of various crops. In this sense, the use 
of organic waste as suppliers of nutrients and support to compose sub- 
strates may represent an alternative to reduce the cost of seedling pro- 
duction in general for the producer (Antunes et al., 2018). 

The vermicompost (obtained by the action of earthworms) is the best 
known and studied in the world. However, in recent years the milli- 
compost has gained notoriety for its peculiar characteristics, such as, for 
example, not needing to combine more raw materials to improve its 
physical, physical-chemical, and chemical properties, is readily used as a 
substrate afterward millicomposting process completed (Antunes et al., 
2018). 

Several diplopods (popularly known as millipedes) can be used in 
millicomposting because of their ability to crush various types of coarse 
organic waste. In Brazil, studies with the species Trigoniulus corallinus 
have shown that millicompost obtained from agricultural residues has 
physicochemical characteristics similar to vermicompost (Antunes et al., 
2016) and recently it was proved its efficiency in the production of 
lettuce seedlings, which destined for the production beds, presented an 
excellent agronomic performance, which was due to the excellent 
quality of the seedlings produced in it (Antunes et al., 2018). 

However, technical information in the literature regarding the use of 
millicompost as a substrate in the propagation of the species through 
cuttings is scarce. Based on the above, it is assumed that the millicom- 
post is capable of making a positive contribution to the production of 
dragon fruit tree seedlings. Thus, the objective was to evaluate the ef- 
ficiency of the millicompost generated by the activity of the diplopods 
Trigoniulus corallinus in the propagation of cuttings of the red dragon 
fruit with white pulp. 


2. Material and methods 


The experiment was implemented on October 15, 2015, and con- 
ducted in a greenhouse in the Crop Science Department, of the 
Agronomy Institute of the Federal Rural University of Rio de Janeiro, 
located in the municipality of Seropédica-RJ. The location’s altitude is 
33.0 m and the region’s climate is Aw, according to the Koppen classi- 
fication, with concentrated rain between November and March, the 
average annual temperature of 23.9 °C, and average annual precipita- 
tion of 1213 mm (Oliveira Junior et al., 2014). 

For the production of the millicompost necessary in the experiment, 
the following components and their respective percentages in the 
mixture were used: branches and leaves of Gliricidia sepium (Jacq.) Walp. 
at 20%, branches and leaves of Leucaena leucocephala (Lam.) of Wit at 
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20%, grass clippings Brachiaria decumbens Stapf. at 30%, branches and 
leaves of Mimosa caesalpiniaefolia at 20% and cardboard chopped into 
pieces (<4 cm) at 10%. Material preparation and consumption by 
Trigoniulus corallinus diplopods were carried out according to Antunes 
et al. (2016). After six months, the material was sieved in a 2 mm mesh, 
the fine material used in the experiment as a substrate. As the outermost 
part of the waste used in millicomposting loses more moisture, these 
usually persists and is not processed by the millipedes. For this reason, 
the millicompost needs sieving to be used standardized way (Fig. 1). The 
coarse material is returned to the containers to be composted with new 
mixtures of plant residues. 

The cladodes of the red dragon fruit of white pulp (Selenicereus 
undatus) were obtained in Fazendinha Agroecoldgica-Km 47, in 
Seropédica-RJ. The cuttings were standardized at 20 cm in length and 
planted in plastic pots (height 17 cm, diameter 21 cm, and capacity for 5 
L) filled with the three different substrates: $1-Millicompost, S2 - 50% 
sand, and bovine manure 50% (v/v) and S3 - Biomix® commercial 
substrate. A completely randomized design with five replications per 
treatment was used. Each replicate (pot) consisted of five dragon fruit 
tree cuttings, totaling 25 cuttings per treatment. 

The determination of the N, P, K, Ca, and Mg contents of the eval- 
uated substrates were carried out according to the methodology used by 
Teixeira et al. (2017). To quantify the organic matter and total carbon 
content (Ciotal) present in the substrates, the gravimetric method was 
used, which consists of burning the material in muffle at 550 °C for 4h 
(Goldin, 1987). The factor of 1.8 was used to convert organic matter into 
Crotal as suggested by Jiménez and Garcia (1992). The pH analyzes were 
carried out in a distilled water solution (5: 1 v/v) and the electrical 
conductivity was determined in the same aqueous extract obtained for 
the pH measurement according to the method described by Brasil 
(2008). Physical analyzes to determine volumetric density and particle 
density, macroporosity, microporosity, total porosity, and water reten- 
tion capacity, were performed using the methodology described by 
Teixeira et al. (2017). 

At 90 days after planting, the following parameters were evaluated 
per cut: number of shoots, length of shoots, fresh and dry masses of the of 
the shoot and roots. To determine the dry masses of shoot and roots, the 
different organs were placed in an oven at 65 °C, maintained for 72 h 
until a constant weight was obtained. 

The contents of total macronutrients (N, P, K Ca and Mg) contained 
in the aerial part of the plants collected at 90 days after planting in the 
pots, obtained from the grinding of the dry masses of the plants in a 
Willey knife mill were determined (Teixeira et al., 2017). To establish 
the quantities of each nutrient accumulated per plant, the value of the 
contents of each nutrient (g kg~1) was multiplied by the dry mass of the 
aerial part of the plant, obtaining the data of macronutrient accumula- 
tion in mg plant™?. 

For data analysis, an evaluation was made of the homogeneity of 
error variances using the Bartlett test and normality using the Shapiro- 
Wilk test. The data were submitted to analysis of variance with the 
application of the Tukey test (p < 0.05) using the SISVAR statistical 
program (Ferreira, 2014). 


3. Results and discussion 
3.1. Physical-chemical and chemical properties of substrates 


Table 1 shows that the substrates had the following pH values at the 
time of the experiment: 6.08 for the millicompost, 7.20 for the substrate 
consisting of sand + manure and 6.74 for the commercial substrate 
Biomix®; and electrical conductivities (CE), expressed in deci Siemens 
per meter (dS m)), respectively: 2.65, 0.88 and 0.46. 

Carrying out a thorough review of the theme, it appears that few 
studies report the chemical characterization of substrates processed by 
diplopods. Apurva et al. (2014) worked with a substrate processed by 
Harpaphe adenine (Wood) and obtained a pH of 7.20 and an EC of 0.24 
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Fig. 1. Sequential scheme of the millicomposting process by diplopods Trigoniulus corallinus and sieving of compost for use a substrate. 


Table 1 

pH values, electrical conductivity (EC), contents of total macronutrients, organic 
matter and C/N ratio of the substrates used for the production of red dragon fruit 
tree white pulp seedlings propagated by cuttings and their respective co- 
efficients of variation (CV). 


Parameter Unity Substrates 
S1- $2 - Sand + $3 - 
Millicompost Manure Biomix® 
pH (CV = 3.15) - 6.08 b 7.20 a 6.74 b 
CE (CV = 4.10) ds 2.65a 0.88 b 0.46 c 
mt 
C total (CV = 3.46) gkg + 3722a 44.4¢ 273.3 b 
N total (CV = 3.10) gkg + 29.0a 1.40 ¢ 6.10 b 
P total (CV = 2.34) gkg +? 3.474 0.43 c 2.63 b 
K total (CV = 4.30) gkg + 11.65a 1.84 b 2.55 b 
Ca total (CV =5.22) gkg! 21.52a 0.94 b 22.26 a 
Mg total (CV = 4.80) gkg! 5.71la 1.12¢ 2.34 b 
Organic matter (CV % 74.44a 8.88 c 54.66 b 
= 3.10) 
C/N ratio (CV = - 12.83 ¢ 31.71b 44.80 a 
3.93) 


Same letters on the line do not differ from each other, by the Tukey test (p < 
0.05). 


dS m ~1. These differences pH values and electrical conductivities are 
related to the material of plant origin used in the millicomposting pro- 
cess since they exhibit varying levels of nutrients, which may result in an 
organic compost more or less rich in nutrients (Antunes et al., 2019a). 
The pH value influences the solubility and availability of nutrients for 
plants. Kratz and Wendling (2013) report that when it comes to the use 
of organic substrates, without the addition of soil in the composition, the 
recommendation is to work in a pH range of 4.4-6.2. With the exception 
of millicompost (S1), the other substrates showed pH values above the 
recommended by the authors, ranging from 6.74 to 7.20 (Table 1). 

In general, electrical conductivity (EC) indicates how the levels of 
concentration of salts contained in the substrates are. According to 
Minami and Salvador (2010), EC values above 3.4 dS m ~! are consid- 
ered too high for substrates, values from 2.25 to 3.39 dS m Tare high, 
values from 1.8 to 2.24 dS m ~‘ are slightly high, values from 0.5 to 1.79 
dS m ~! are moderate, values between 0.15 and 0.49 dS m ~! are low and 
values below 0.14 dS m ~1 are considered very low. Thus, the substrates 


S1, S2, and S3 presented CE considered high, moderate, and low, 
respectively (Table 1). 

The average values of the total nutrients and organic matter of the 
evaluated substrates were higher for the substrate S1 - millicompost, 
when compared to the other substrates, and the average values of total 
calcium was similar to that observed in the substrate S3- Biomix®. 
Apurva et al. (2014) observed such nutritional superiority of the 
compost processed by diplopod (H. haydeniana) compared to the other 
treatments, which consisted of soil, vermicompost, and soil + manure. 

Antunes et al. (2016) concluded that the decomposition of vegetable 
and urban residues made with the use of Trigoniulus corallinus enriches 
the substrate with calcium, magnesium, and phosphorus, a result that 
confirms the data observed in this work. ASHWINI and SRIDHAR (2006) 
also demonstrated an increase in the concentration of N, P, K, Ca, and 
Mg in the compost produced with the help of diplopods and earthworms. 

The higher values of N, organic matter, and P are related to the 
chemical characteristics of each plant material used in millicomposting, 
in which this combination of residues in different proportions contrib- 
uted to the better processing by the diplopods and, consequently, in 
obtaining a compost with balanced levels of nutrients (Antunes et al., 
2018). Ramanathan and Alagesan (2012) observed that, in addition to 
the excreta of diplopods, the microorganisms present in their feces 
promote significant increases in the nitrogen content contained in the 
substrate, potentiating the growth of plants in relation to other sub- 
strates, such as vermicompost and compost from compost. 

Another important parameter in the characterization of the sub- 
strates is the C/N ratio, which signals how the organic materials are at 
the end of the composting process (Da Ros et al., 2015). Normative in- 
struction number 25 of the Ministry of Agriculture, Livestock and Supply 
- MAPA (Brasil, 2009) highlights that the C/N ratio cannot exceed 20 
and the total nitrogen content must be at least 5.0 g kg~+ for organic 
composts. The substrate S3 showed a C/N ratio of 44, considered high to 
the adequate mineralization of nutrients, and there may be, at first, the 
immobilization of mineralized N (Antunes et al., 2019b). However, this 
result occurs at the expense of the components of its formulation, such as 
pine bark, which has a high C/N ratio, influencing the final value of this 
relationship. The millicompost showed a C/N ratio of 12.83, showing 
the stabilization and ability to provide the necessary nutrients to the 
plants, meeting the standards mentioned. 
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3.2. Physical properties of the substrates 


The volumetric density and particle density recorded for the milli- 
compost were 180 kg m ~° and 1440 kg m~°, respectively (Table 2). In 
the substrate constituted by the mixture of sand and manure the den- 
sities were 1070 and 2470 kg m ° and in the commercial substrate 
Biomix® of 310 and 1790 kg m~®. The percentages of total porosity and 
microporosity were higher in the millicompost than in the other sub- 
strates, a result that contributed to the greater water retention capacity 
in the millicompost (Table 2). The size and structure of the fecal pellets 
of the millipeds, whose particles are spherical and measure about 1.85 
mm, were responsible for maintaining high porosity of this substrate, 
unlike other composted materials, which are highly compacted and 
reduce the porosity of the media cultivation (Pascual et al., 2018). 

Results similar to this work were observed by Apurva et al. (2014), 
who considered that the highest percentage of organic matter is 
responsible for volumetric density, inorganic components for particle 
density, porosity, and water holding capacity are dependent on the 
interaction between organic and inorganic components present in the 
substrates. Ramanathan and Alagesan (2012) also observed that the 
physical properties of the compost processed by diplopods were able to 
promote greater aeration and water retention for maintaining moisture 
and plant development of Capsicum annuum in pots. Fermino (2003) 
considered as a reference for substrates values of volumetric density 
between 100 and 300 kg m °, values observed in this work for the 
substrates $1 (millicompost) and S3. The substrate $2, because it con- 
tains sand - dense mineral material, did not fit within the established 
references. 

Values indicated as adequate for the total porosity are in the range of 
75-85% (Goncalves, Poggiani 1996) and, in this sense, only the sub- 
strate S2 - sand + manure, was not adequate, being 18.43% below the 
ideal range. Total porosity, as well as volumetric density, directly in- 
fluences the water and nutrient absorption processes by plants (Kampf 
2001). 

According to Goncalves and Poggiani (1996), the adequate propor- 
tion of micropores (MIC) in substrates is between 45 and 55%, which 
was verified in the evaluated substrates, however, it should be noted 
that values slightly higher than this range were identified in the milli- 
compost (Table 2), because it is a material with finer particles, resulting 
from the processing of residues used in millicomposting by diplopods. 

As for macroporosity (MAC), Goncalves and Poggiani (1996) 
consider the range of 35-45% to be the appropriate levels. The substrate 
S2 - sand + manure was the only one with low macroporosity (6.92%). 
The other substrates showed macroporosity ranging from 29.85 to 
32.66% (Table 2), considered average levels by the aforementioned 


Table 2 

Average values of volumetric density (DE volumetric), particle density (DE 
particle), percentages of total porosity (POT), microporosity (MIC), macro- 
porosity (MAC) and water holding capacity (WHC 10) at 10 cm of column of 
water from the substrates used for the production of red dragon fruit white pulp 
seedlings propagated by cuttings and their respective variation coefficients (CV). 


Parameter Unity Substrates 
S1 - S2 - Sand + $3 - 
Millicompost Manure Biomix® 
DE volumetric (CV kgm? 180 c 1070 a 310b 
= 0.21) 
DE particle (CV = kg m? 1440 c 2470 a 1790 b 
6.20) 
POT (CV = 1.75) % 87.42 a 56.57 ¢ 82.50 b 
MIC (CV = 1.64) % 57.56a 49.65 b 49.84 b 
MAC (CV = 6.80) % 29.85 a 6.92 b 32.66 a 
WHCio (CV = mL 50 28.76a 24.83 b 24.92 b 
1.64) cm? 


Same letters on the line do not differ from each other, by the Tukey test (p < 
0.05). 
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authors. 

The water retention capacity is another important physical charac- 
teristic of any substrate for plants, because if it contains low retention 
capacity or retains excess water, it will not be suitable for the seedling 
production activity, since it will cause problems which will impact the 
vigor and quality of the seedlings, as a result, respectively, of the water 
deficit or excess water retention in the root environment. Adequate 
levels of water retention in plant substrates suggested by Goncalves and 
Poggiani (1996) are between 20 and 30 mL 50 cm ®. It can be noted that 
if all the substrates are within this ideal range, S1 - millicompost with 
greater water retention capacity (28.76 mL 50 cm~3) and $2 and $3 
substrates with similar WHC (Table 2). 


3.3. Phytotechnical characteristics of dragon fruit tree propagated by 
cuttings 


In general, all the characteristics evaluated were influenced by the 
substrates (p < 0.05) (Fig. 2), indicating that the substrate is an essential 
component in the production of seedlings of this species, and all the 
highest values observed occurred in those that were produced on the 
substrate S1 - millicompost (Fig. 2). Although millicompost is a substrate 
little used in agriculture, we verified in this experiment that its use 
contributed positively to the development of red dragon fruit tree 
seedlings propagated by cuttings, a fact confirmed by the great number 
and length of shoots that occurred in this substrate. Likewise, the fresh 
and dry masses of shoot part of the seedlings from the millicompost were 
higher than the masses registered in the substrates S2 and S3. Such 
differences represent, respectively, 61% and 21.45% more in the fresh 
mass and 25% and 15.92% more in the dry mass than the substrates S2 
and S3 (Fig. 2). 

The increase in vegetative characters and the higher production of 
fresh and dry biomass of seedlings are associated with the greater supply 
of nutrients contained in the millicompost (Table 1), as well as its 
physical properties (Table 2). In addition to the differences shown 
graphically in Fig. 2, in Fig. 3-A, there are clear differences between the 
millicompost seedlings in relation to the seedlings of the other substrates 
(Fig. 3B and C). Furlan et al. (2007), point out that the largest accu- 
mulations of the dry mass of shoots and roots during seedling formation 
are obtained on alternative substrates when these are compared to 
commercial substrates. Maggioni et al. (2014), highlight that substrates 
with lower densities, in addition to providing greater porosity, favor 
better drainage and less physical restriction on plant growth and 
development. 

To maximize the production of seedlings, Galvao et al. (2016), 
evaluated different concentrations of indole-3-butyric acid (IBA) and 
three types of substrates in the production of pita tree seedlings and 
recorded an average of 1.6 sprouts in cuttings with 25 cm in length 
treated with 1000 mg L” of IBA planted in the substrate containing only 
sand. The results obtained in the present work show similarities of 
means for the substrate S2 - sand + manure (Fig. 2), highlighting that 
there was no use of IBA or any other phytoregulator. The shoots recor- 
ded for the substrate S1 - millicompost exceeded the average of 1.5 
shoots, 89.33% higher than the result found by the aforementioned 
authors. 

The length of the cuttings is capable of influencing both the carbo- 
hydrate reserves and the volume of endogenous auxins, contributing to 
greater survival, faster emission of roots, in addition to interfering in the 
number and size of shoots produced during initial growth (Pontes Filho 
et al., 2014). Moreira et al. (2017) in order to determine the best cut 
length for the production of the dragon fruit tree seedlings in a protected 
environment, recorded the average value of 30 cm in the longest shoot 
length in cuttings of 30 cm in length. In this work, the length of the 
largest sprout was 38.16 cm in the substrate S1-millicompost (Fig. 2), 
being superior to the other substrates by 67% and 445.92%, when 
compared to the substrates $2 and S3 and 8.16 cm greater than the 
length recorded by Moreira et al. (2017). 
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Fig. 2. Number of shoots, length of the largest shoot, fresh and dry weight of the shoots, fresh and dry weight of roots of cuttings of white pulp of red dragon fruit tree 
with their respective coefficients of variation (CV) and standard error. Equal letters in the bars do not differ by Tukey’s test (p < 0.05). S1 - millicompost; B) S2 - sand 


+ manure; C) S3 - Biomix®. 


Pontes Filho et al. (2014) aiming to evaluate the effect of the 
application of indolbutyric acid and length of cuttings on the rooting of 
the dragon fruit tree (5-14 cm and 17-26 cm) found average values of 
fresh mass of the shoots varying from 19.21 to 71.09 g, while the dry 
mass of the shoots varied from 1.24 to 3.98 g. In our work, the substrate 
that presented the lowest phytotechnical performances - S3-Biomix® 


substrate, whose averages were 173.95 and 22.99 g of the fresh and dry 
shoot part masses, respectively (Fig. 2), exceed the averages found by 
the authors mentioned above. The same authors recorded averages for 
dry root mass ranging from 2.65 to 7.13 g, with plants propagated by 
large cladodes having the most expressive values regardless of the 
application of exogenous auxin. In this work, the substrate 
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i 


Fig. 3. Visual aspect of red dragon fruit tree seedlings of white pulp propagated by cuttings on different substrates after 90 days of cutting. A) S1 - millicompost; B) 
$2 - sand + manure; C) S3 - Biomix®. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.) 


$3-millicompost showed average values higher than the other substrates 
(Fig. 2). Probably the lack of application of indolbutyric acid resulted in 
lower gains for the root masses of all evaluated substrates. 

The cuttings of dragon fruit tree respond well to the organic matter, 
since the organic sources supply the inorganic N gradually, as the 
mineralization of the organic matter occurs (Nerd and Mizrahi, 1999; 
Rodrigues and Casali, 1999), which is observed in substrate S1 - milli- 
compost. This performance can also be indirectly related to the hor- 
monal effect that humic substances present in organic substrates exert 
on plants (Cordeiro et al., 2010), although not quantified in this work. 

There is little literature related to substrates originating from the 


activity of diplopods (millicomposts), however, Thakur et al. (2011) 
proved that millicompost is superior to vermicompost and common 
compost, having a positive effect on plant growth. Ramanathan and 
Alagesan (2012) when using the millicompost, vermicompost and 
compost in the production of Capsicum annuum, observed that the 
greatest gains in the number of leaves, leaf area, plant height, number 
and weight of fruits occurred in the plants developed in the millicom- 
post, attributing these results to its physical and chemical properties of 
this substrate. 

Recently, Antunes et al. (2018) evaluated the agronomic perfor- 
mance of lettuce seedlings produced with millicompost and found that 
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effectively the millicompost can be used as a substrate, because in 
addition to providing the formation of higher quality lettuce seedlings, it 
directly reflects on the performance of the crop, with gains that surpass 
the productivity averages found in other jobs for the same cultivar. 


3.4. Macronutrient content present in the shoot dry mass of cuttings 
dragon fruit tree 


The seedlings produced with the substrates S1 - millicompost and S2 
- sand + manure showed higher levels of N, P, K and Mg (p < 0.05) 
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accumulated in their aerial parts, except for calcium, whose contents 
were similar between the seedlings produced on the three different 
substrates (Fig. 4). 

According to Rozane et al. (2011), variations in the accumulation of 
nutrients can occur when using different cultivation media, thus, it can 
be observed that the seedlings produced using the millicompost pre- 
sented higher levels of nitrogen when compared to those of the other 
substrates, confirming that the aforementioned compost favors the 
supply of this nutrient so important for development, especially during 
the vegetative phase, when it is most required by plants. The 
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Fig. 4. Content of the macronutrients present in the shoot dry mass of the red dragon fruit tree seedlings propagated by cuttings with their respective coefficients of 
variation (CV) and standard error. Equal letters in the bars do not differ by Tukey’s test (p < 0.05). S1 - millicompost; B) S2 - sand + manure; C) S3 - Biomix®. 
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accumulated values of N in the seedlings from the substrate S1 and S2 
represent 206 and 57% more of this nutrient in relation to the substrate 
S3. Lima et al. (2019), observed, during a period of 60-120 days, the 
accumulation of 830 mg of N in red dragon fruit trees. 

The amount of phosphorus extracted from the seedlings is of great 
importance, since this element directly influences the initial stage of root 
development, in addition to its effective participation in the photosyn- 
thetic processes which, in the culture in question, becomes even more 
relevant since the cladode it is a photosynthetically active organ (Mor- 
eira et al., 2020). The substrates $1 and S2 promoted accumulations of 
phosphorus whose percentages were 209 and 158%, respectively, when 
compared to the commercial substrate - S3 (p < 0.05), as can be seen in 
Fig. 4. Lima et al. (2019) reported an accumulation of 160 mg plant ! of 
P ina red dragon fruit tree, in an interval of 60-120 days, being similar 
to the P accumulated in the seedlings originating from the millicompost 
(S1). 

Note in Fig. 4 that the levels of potassium extracted from the seed- 
lings produced with the substrates $1 and S2 were higher than S3, 
corresponding to 102% and 75% more of this nutrient, respectively. 
According to Marschner (2012), this nutrient is related to the process of 
translocation of carbohydrates, in addition to the opening and closing of 
stomata. Moreira et al. (2017) and Lima et al. (2019) observed that 
potassium was the element most extracted by the dragon fruit tree in its 
initial development, whose accumulation found was 940 mg of K in an 
interval of 60-120 days, corroborating with our results, whose values 
were close. 

The similarity in the calcium accumulation in the dragon fruit tree 
seedlings developed in the different substrates (Fig. 4) probably 
occurred due to the fact that this nutrient presents low mobility in the 
phloem (Malavolta, 2006), which can vary according to the phenology 
of the plant, being necessary studies with the cuttings in the field to 
verify possible variations in the amount of Ca extracted and accumu- 
lated, since, Lima et al. (2019) observed that this nutrient is the most 
required between 180 and 240 days after the planting of cuttings of 
Selenicereus sp (red dragon fruit tree), whose accumulation was 440 mg 
of this nutrient. Moreira et al. (2012) also found no differences in Ca 
levels in cladodes of Selenicereus undatus (Haw.) (Britton & Rose) (red 
dragon fruit tree) fertilized with different organic sources. 

For magnesium, the seedlings produced with the substrates S1 and 
S2 showed an extraction 55 and 47% higher, respectively, when 
compared to the seedlings from the commercial substrate (S3) (Fig. 4). 
Lima et al. (2019) found 270 mg plant~? evaluating the accumulation of 
nutrients in red dragon fruit tree, within an interval of 60-120 days after 
planting the cuttings, a value similar to those found in dragon fruit tree 
seedlings developed on substrates S1 and $2. Among the functions of 
magnesium, its role in the composition of the chlorophyll molecule 
stands out, participating in various processes, such as photosynthesis, 
respiration, synthesis of carbohydrates and proteins (Pereira et al., 
2020). 

Antunes et al. (2016) found that the millicompost produced from 
various agricultural and urban residues, processed by the species Trig- 
oniulus corallinus, contains amounts of calcium, magnesium and phos- 
phorus favorable to the development of lettuce seedlings. Furthermore, 
considering that the millicompost used in this work followed the pro- 
duction methodology proposed by the aforementioned authors, its effi- 
ciency in the production of pitaya seedlings is confirmed. 

In general, the data obtained in this work corroborate Makkar et al. 
(2017), who claim that the concentration of nutrients in plant tissues has 
been shown to be directly proportional to the concentration of nutrients 
contained in the substrates on which they developed. 

New studies must be carried out to evaluate the quality of the 
compost produced from other raw materials, in addition to developing 
works that accompany the development of this culture in the production 
fields, given that the millicompost promotes a differentiated growth in 
relation to the other substrates, which can result in premature 
production. 
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Millicompost is an organic substrate of easy production that presents 
physical and chemical characteristics suitable for plant development 
during the seedling stage. Furthermore, it is a ready-to-use organic 
compost that spares the combination with other feedstock, reducing the 
costs for farmers. The potential of millicompost for enhancing plant 
growth by producing humic substances and biological properties such as 
stimulating growth-promoting microorganisms deserve further studies. 

Our work shows that millicompost is rich in nutrients. As its pro- 
duction shows a yield between 30 and 40%, future research is suggested 
to increase its yield as a substrate by combining it with other organic 
materials, such as: urban pruning, crushed coconut fiber or residues 
from the agribusiness. Thus, there will be the possibility of obtaining one 
or more substrates formulated based on millicompost, capable of pro- 
moting effects similar to those obtained with millicompost without any 
combination, combining economy and sustainability in a single product. 

Another point to be considered is the biology of millipedes, which, 
unlike already domesticated earthworms, have lower survival rates in 
confined environments (since puppy to adulthood phase, which vary 
according to each species). This is an obstacle and at the same time 
deserves further studies in order to create strategies that further enhance 
their reproduction and survival rates. In this way, we will be able to 
reach the level of transferring the reproduction technology of these 
animals to the whole society, because in the last three years the milli- 
composting process has been sought and implemented by rural and 
urban farmers, besides Agroecology sympathizers throughout the Brazil. 


4. Conclusions 


The millicompost has an efficiency in the performance of the red 
dragon fruit tree of white pulp seedlings, providing increments of the 
vegetative characters and of biomass production, confirmed by the great 
contributions of nutrients accumulated in its vegetal tissue. This in- 
dicates a new and excellent alternative of substrate of organic origin in 
the vegetative propagation of the species with superior quality than 
formulated and commercial substrates. 
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